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INTRODUCTION
Nitric oxide synthase (NOS) produces nitric oxide (NO) by catalyzing a five-electron oxidation of a guanidino nitrogen of L-arginine. Three different isoforms of the NOS family have been identified: endothelial NOS (eNOS), neuronal NOS of an NO donor (NOC-18) for 12 h. The changed protein patterns, which were separated by two-dimensional electrophoresis (2-DE), were conclusively identified by matrix-assisted laser desorption/ionization-time of flight mass spectrometry (MALDI-TOF MS) analysis of the peptide digests.
MATERIALS AND METHODS
NIH/3T3 cells (mouse embryonic fibroblast, ATCC CRL 1658) were obtained from the American Type Culture Collection (Manassas, VA, USA) and cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum (GIBCO-BRL, Grand Island, NY, USA) and antibiotics (100 U/mL penicillin and 100 µg/mL streptomycin). The cells were plated at a density of 2×10 6 /mL in a 100-mm culture plate (Falcon 3047, Becton Dickinson Labware, Lincoln Park, NJ, USA), treated with NOC-18 (Sigma, St. Louis, MO, USA) at a concentration of 300 µM, and cultured for 12 h. The dose of the NO donor and duration of exposure time to the cells were adapted from our previous study, which showed that an NO donor induced NF-κB activation and inflammatory cytokine expression. 10 Protein extraction, isoelectric focusing (IEF), and 2-DE separation were performed as described previously. 13 Briefly, the cells were trypsinized, dissolved in 40 mM Tris buffer (pH 9.5), and passed ten times through a 22-gauge needle. Particulates were removed by centrifugation (15000×g, 15 min), and the supernatant was collected and diluted with extraction buffer. A 17-cm immobilized pH gradient (IPG) strip was used to absorb 300 µg of protein in 300 µL of extraction buffer, and this was electrophoresed on IEF cells. Following IEF, the IPG strips were subjected to equilibration for 15 min, re-equilibrated for 15 min, and separated using the Protean II xi cell gel SDS-PAGE system (Bio-Rad, Hercules, CA, USA) by molecular weight. Silver staining and image analyses were performed as described previously. 13 Three batches of cell proteins extracted from non-treated cells and NO-donor-treated cells were subjected to 2-DE, and replicate gels were simultaneously run three times. The expression level was determined by the relative spot volume of each protein as compared to the total spot volume (sum of each protein spot) in the gel and expressed as a percentage of the volume. The differentially expressed proteins that had expression levels at least two times higher in NO-donor-treated cells than in non-treated cells were selected for the MALDI-TOF MS analysis. After in-gel digestion of proteins from sil-(nNOS) and inducible NOS (iNOS). The nNOS and eNOS isoforms are constitutively expressed in a variety of cell types including endothelial cells, platelets, and neurons. These constitutive NOS isoforms are activated by calciumcalmodulin binding and produce low concentrations of NO. 1 Unlike nNOS and eNOS, iNOS is an inducible and calciumindependent isoform. The expression of iNOS is induced by cytokines [e.g., interferon-γ, interleukin (IL)-1β, tumor necrosis factor-α], bacterial endotoxins, and oxidative stress. 2 Once induced, iNOS continues to produce large amounts of NO for many hours or days.
NO is an important signaling molecule that is involved in many physiological and pathological processes. Under a normal physiological state, NO contributes to the regulation of anti-inflammatory and antioxidant effects. 3 However, in tissues with high concentrations of NO, NO interacts with O2 or O2 -, which results in the formation of reactive nitrogen species, which affect diverse processes, such as proliferation, apoptosis, differentiation, tumorigenesis, and metastasis. In human malignant tumors such as breast, lung, prostate, bladder, and colorectal cancer, the expression level of iNOS is high. 4 The expression level and activity of iNOS are higher in most tumors than those in adjacent normal tissues. High levels of NO produced by iNOS in tumor tissues may modulate different cancer-related processes such as angiogenesis, apoptosis, invasion, and metastasis. 5 In contrast, NO has tumoricidal effect by inhibiting proliferation and invasion of pancreatic cancer cells 6 and inducing cell death in melanoma cells 7 and microglial cells. 8 Even though it is suggested that NO may exhibit tumoricidal activity by posttranslational modification of proteins, the precise functions of NO in cancer biology remain unclear.
An NO donor 3,3-bis-(aminoethyl)-1-hydroxy-2-oxo-1-triazene (NOC-18) is a stable NO-amine complex that can release NO spontaneously under physiological conditions. It suppresses DNA synthesis in human airway smooth muscle cells. 9 In our previous study, NOC-18 activated nuclear factor κ-B (NF-κB) and activator protein-1 to induce IL-8 expression in gastric epithelial AGS cells. 10 High amounts of NO induced DNA damage and apoptosis in gastric cancer cells, as well as chondrocytes in osteoarthritic cartilage. 11, 12 These studies suggest that an NO donor such as NOC-18 may have a growth inhibitory effect on cancer cells.
The present study aimed to determine the differentially expressed proteins in NO-treated NIH/3T3 fibroblasts in order to investigate whether NO induces proteins having pro-cancer or anti-cancer effects. The cells were treated with 300 µM sin 3, 26S proteasome-associated pad1 homolog, T-complex protein 1 (ε subunit), N G -dimethylarginine dimethylaminohydrolase, and heat shock protein 90 (HSP90)] were increased (Fig. 2, Table 1 ), and eight proteins [heat shock protein 70 (HSP70), glucosidase II, lamin B1, calreticulin, nucleophosmin 1, microtubule-associated protein retinitis pigmentosa/ end binding (RP/EB) family member 1, 150 kD oxygen-regulated protein precursor, and heat shock 70-related protein albino or pale green 2 (APG-2)] were decreased (Fig. 3, Table  2 ) by the treatment of NOC-18 in the cells.
DISCUSSION
The expression of HSP70 decreased in NOC-18-treated cells compared to non-treated cells in the present study. HSP70 is overexpressed in human tumors of various origins, such as breast, lung, colorectal, and cervical carcinomas as well as osteosarcoma.
14 Its expression correlates with increased proliferation, poor differentiation, lymph node metastasis, and poor therapeutic outcome in human breast cancer. 15 Several studies demonstrate that HSP70 promotes tumorigenesis through inhibiting lysosomal membrane permeabilization, activation, and translocation of pro-apoptotic factors such as Jun kinase, Bid, Bax, apoptosis-inducing factors, and the release of cytochrome c from mitochondria. 15 . 1 shows the representation of the three separate experiments. The silver-stained gels were scanned with the GS 690 Imaging Densitometer at a 400-ppi grayscale level. After spot detection, background subtraction, and volume normalization, the differentially expressed proteins were detected in NOC-18-treated cells (NOC-18) more than the nontreated cells (none).
RESULTS

Fig
Differentially expressed proteins between non-treated cells and NOC-18-treated cells were excised from 2-DE gels and identified using peptide mass fingerprinting. A mascot search using the peptide mass fingerprinting data indicated that certain proteins [vinculin protein, keratin 19, ubiquitous tropomodulin, F-actin capping protein (α1 subunit), tropomyo- dual targeting of HSP90 and HSP70 promotes cell death and enhances the anticancer effect of chemotherapeutic agents in bladder cancer. 19 Therefore, increased expression of HSP90 may induce carcinogenesis. Differential expression levels of HSP70 and HSP90 by NOC-18 treatment may be explained by their roles as molecular chaperones treatment in the present study. A high expression of HSP90 promotes stability and function of several oncogenic client protein kinases such as human epidermal growth factor receptor 2 and epidermal growth factor receptor in tumors. 17, 18 These HSP90-client proteins play crucial roles in establishing cancer cell hallmarks. One recent study suggests that .0 NOC-18, NO donor 3,3-bis-(aminoethyl)-1-hydroxy-2-oxo-1-triazene; MALDI-TOF MS, matrix-assisted laser desorption/ionization-time of flight mass spectrometry; MOWSE, molecular weight search; MW, molecular weight. be associated with invasive and advanced malignant processes as well as poor prognoses. Calreticulin knockdown suppressed proliferation, migration, and attachment of cancer cells. 22 Therefore, the down-regulation of ER-chaperone calreticulin by NOC-18 in the present study suggests that high levels of NO may suppress the properties of cancer cells including proliferation, invasion, and metastasis.
Present results show that microtubule-associated protein RP/EB family member 1 was decreased by treatment of NOC-18. Microtubule-associated proteins bind to tubulin subunits that make up microtubules to regulate their stability. that regulate protein folding and respond to cellular stress. 20 More studies are required to determine the effect of NO donors on the expression of HSPs in relation to cancer cell proliferation and invasion.
Endoplasmic reticulum (ER)-chaperone calreticulin was decreased by the treatment of an NO donor in the present study. Calreticulin resides in ER and functions as a molecular chaperone. 21 Calreticulin is overexpressed in bladder cancer, prostatic adenocarcinoma, hepatocellular carcinoma, pancreatic cancer, gastric cancer, colon cancer, melanoma, and leukemia. 21 Overexpression of calreticulin is known to
Fig. 3. Segments of a 2-DE gel map derived from non-treated cells (none) and NOC-18-treated cells (NOC-18). Arrowed spots are the proteins that decreased in NOC-18-treated cells when compared to non-treated cells (none) in a 12-h culture. Protein expression level is expressed as a percentage of the volume,
which is determined by the relative spot volume of each protein compared to the total spot volume (total amount of proteins/sum of each protein spot) in the gel. NOC-18, NO donor 3,3-bis-(aminoethyl)-1-hydroxy-2-oxo-1-triazene; 2-DE, two-dimensional electrophoresis. though the role of ORP150 has not been identified in cancer, it may affect cancer cell proliferation through the pathway of endoplasmic reticulum stress. APG-2, a mammalian heat shock protein belonging to the heat shock protein 110 (HSP110) family, was previously found to be overexpressed in BaF3-BCR/ABL cells [break point cluster region-abelson (BCR-ABL) transfected murine pro-B Ba/F3 cells]. 32 Overexpression of APG-2 in BaF3-BCR/ABL cells increases cell proliferation and protects cells from oxidative damage, 32 which may play an important role in carcinogenesis. APG-2 was shown to have a chaperone ability similar to HSP110 and an anti-apoptotic role in hepatic cancer cells. 33 These studies suggest that the HSP110 family members play important roles in hepatocarcinogenesis and leukemia development through their chaperoning activities. NOC-18-induced decrease in APG-2 suggests that NO donors have a beneficial role in treating various types of cancer by suppressing proliferation.
NOC-18 induced the expression of vinculin (VCL) in the present study. VCL is an adapter protein with binding sites for more than 15 proteins and plays a critical role in the linkage of integrin adhesion molecules to the cytoskeleton. 34 VCL functions as a tumor suppressor by increasing anchorage-dependent cell growth and by suppressing tumor metastasis through reducing cell motility. 34, 35 The expressions of ubiquitous tropomodulins, tropomyosin 3, and F-actin capping protein α1 subunit (CAPZA1) were increased by NOC-18 in the present study. Tropomodulins are proteins that cap the slow-growing end of actin filaments and require tropomyosin for optimal function. 36 Franzén, et al. 37 found that tropomyosin 3 was down-regulated in fibroblasts transformed by oncogenes. Zheng, et al. 38 reported that overexpression of tropomyosin 3 suppressed invasion and metastasis of cancer cells. F-actin capping protein binds to fast growing ends of actin filaments. CAPZA1 is known to be upregulated in gastric cancer tissues when compared to normal tissues. 39 Overexpression of CAPZA1 suppresses the migration and invasion of gastric cancer cells. 40 Therefore, NO donor-induced upregulation of tropomodulins, tropomyosin 3, and CAPZA1 suggests a potential role of NO donors for suppressing the migration and invasion of cancer cells.
Keratins are intermediate filament proteins responsible for the structural integrity of epithelial cells. In this study, we found that NOC-18 increased the expression of keratin 19. Schoenfeld, et al. 41 reported that keratin 19 is overexpressed in tumor cells which are disseminated in the lymph nodes, Microtubule-associated proteins are known to be interacting partners of adenomatous polyposis coli (APC), enhancing APC function in colorectal cancer. 23 Microtubule-associated proteins have been reported to be overexpressed in gastric adenocarcinoma, hepatocellular carcinoma, esophageal squamous-cell carcinoma, and breast cancer. 24 Its overexpression is known to be involved in tumorigenesis and the promotion of tumor cell growth via the Wnt signaling pathway or Aurora-B activation. 25 Down-regulation of microtubule-associated proteins induced apoptosis of cancer cells through the mitochondrial death pathway. 26 Therefore, decreased expression of microtubule-associated proteins by an NO donor implies that high amounts of NO may inhibit cancer development.
Lamin B1 functions in nuclear envelope lamina and possesses a transcriptional co-regulatory activity that has an important role in DNA replication, cellular aging, and stress responses. Overexpression of lamin B1 in cancer cells is associated with low differentiation, increased metastasis, and poor prognosis of pancreatic cancer patients. 27 Silencing lamin B1 inhibits the proliferation and invasion of pancreatic cancer cells. 28 In our study, we found that the expression of lamin B1 was decreased by NOC-18. Therefore, the decreased expression of lamin B1 by NOC-18 suggests that the treatment of NO donors may inhibit cancer progression, including proliferation and metastasis.
In the present study, we found that expressions of glucosidase II and nucleophosmin 1 were decreased by NOC-18. Glucosidase II plays a central role in the processing of nascent glycoproteins in ER lumina by removing certain glucose units from core oligosaccharide moieties. Suradej, et al. 29 showed that glucosidase II is overexpressed in human lung tumor tissues and exhibits a stress response similar to p53, indicating that it may have a crucial role in lung tumorigenesis. Nucleophosmin 1 is an estrogen-regulated nuclear protein. The expression of nucleophosmin 1 is correlated with lymph node metastasis and a poor survival rate of human colon cancer patients. 30 Down-regulation of nucleophosmin 1 using siRNA reduced cell viability and caused a concomitant increase in cellular senescence and cell cycle arrest for colon cancer. 30 These studies demonstrate that expressions of glucosidase II and nucleophosmin 1 are associated with growth, invasion, and metastasis of cancer cells. Therefore, treatment of NO donors may inhibit carcinogenesis by down-regulating glucosidase II and nucleophosmin 1.
150 kD oxygen-regulated protein (ORP150) precursor was also decreased by NOC-18 treatment. ORP150 takes part in the process of endoplasmic reticulum stress. 31 Even of DDAH1, the isoform primarily associated with nNOS, results in increased tumor growth and vascularization, as well as elevated secretion of vascular endothelial growth factor. 46 Induction of DDAH by NOC-18 treatment is controversial compared to the induction of other proteins related to cancer suppression. Further studies are required in order to relate DDAH to NO treatment.
In the present study, 17 differentially expressed proteins were identified after the treatment of NO donor NOC-18 (Table 3) . Among them, 13 proteins are related to the suppression of cancer cell proliferation, invasion, and metastasis while two proteins (HSP90, DDAH) are related to carcinogenesis. The functions of ORP150 and TCP-1, ε subunit, have not been known to be related to cancer development. Even though most proteins differentially expressed by NOC-18 are involved in inhibiting cancer development, further study should be performed to determine anti-cancer effects of NO donors, using experimental animal models with various types of cancers.
peripheral blood, and bone marrow of breast cancer patients. Keratin 19 acts as a potential tumor suppressor that inhibits proliferation, invasion, and metastasis in breast cancer. 42 Therefore, NO donors may inhibit carcinogenesis through up-regulation of keratin 19.
Another protein increased by NOC-18 treatment was Tcomplex protein 1 (TCP-1), ε subunit. TCP is a member of the chaperonin-containing TCP-1 complex (CCT). 43 CCT is involved in the folding of cytoskeleton proteins and other proteins such as cyclin E1, histone deacetylase, and protein phosphatase 2A regulatory subunit B. 43 Even though the role of the ε subunit of TCP-1 is unknown, it may act as a stress-sensitive chaperone by holding actin and tubulin in the cytosol. 44 The 26S proteasome is the main nonlysosomal protease in eukaryotic cells. Head and neck small cancer cells with low proteasome activity showed a significantly higher selfrenewal capacity and increased tumorigenicity. 45 Therefore, NO donor-induced expression of 26S-proteasome-associated pad1 homolog may reduce the self-renewing capacity of cancer cells. Further researched should be performed to determine the role of 26S proteasome activity and its related proteins on carcinogenesis.
NG-dimethylarginine dimethylaminohydrolase (DDAH) metabolizes the endogenous inhibitor of NO synthesis, asymmetric dimethylarginine. Constitutive overexpression Heat shock 70-related protein APG-2 0.17 0.70 41 NOC-18, NO donor 3,3-bis-(aminoethyl)-1-hydroxy-2-oxo-1-triazene; RP/EB, retinitis pigmentosa/end binding; APG, albino or pale green. The expression level was determined by the relative spot volume of each protein as compared to the total spot volume (total amount of proteins/sum of each protein spot) in the gel and expressed as a percentage of the volume.
